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Abstract
Background: The total bone mineral density T-score cutoff for low 
bone mass underestimates the frequency shown by femoral neck 
and lumbar T-score cutoffs.
Objective: To determine whether a total body DXA T-score cutoff 
can be found that will produce results similar those obtained by 
local measurements of the femoral neck and lumbar spine. 
Methodology: Participants were all HIV-infected; 1730 males and 
840 females. T-score correlations of the three sites were obtained. 
ROC analyses were performed to obtain the T-score cutoffs for the 
total body that would produce results that best matched those of 
the femoral neck and lumbar spine. Low bone mass was defined 
as a T-score <-1, which includes both osteopenia and osteoporosis 
categories as defined by the World Health Organization (WHO). 
The efficacy of the derived T-score cutoffs were determined by 
cross tabulation of the modified total body classifications against 
the femoral neck and lumbar spine classification, and rated by 
the kappa coefficient of agreement and percent of agreement 
(concordance). 
Results: Spearman rank correlations varied from 0.570 to 0.752 
between total body, lumbar spine and femoral neck T-scores. Area 
under the ROC curve varied from 0.777 to 0.874 for the different paired 
sites. The T-score cutoffs for the total body were selected from the 
ROC curves at a point where the sum of the sensitivity and specificity 
is a maximum. Cross tabulation of the binary categories. i.e., normal or 
abnormal, of the total body using the derived T-score cutoffs against 
those of the femoral neck and lumbar spine registered a reduction 
of false negatives, but it was associated with a consistent increase 
in the number of false positives. The resultant kappa coefficients of 
agreement varied from 0.429 to 0.564; a moderate rating when perfect 
agreement is 1.0.
Conclusion: The modification of the total body T-score cutoffs for 
the disclosure of low bone mass at the femoral neck and lumbar 
spine is not sufficiently accurate for clinical application, in particular 
fracture risk prediction.
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Introduction
There is an increasing use of total body DXA scanning for the 
measurement of bone and soft tissue components, but the role of total 
body bone mineral density (BMD) T-score in fracture prediction is 
debatable [1-4]. The degrees of reported concordance and discordance 
between total body BMD T-scores and those of the lumbar spine 
and hip have been variable, as well between lumbar spine and hip 
T-scores [5-10]. The following is an analysis of the relationship of the 
total body BMD T-scores with those of the femoral neck and lumbar 
spine in a large cohort of 1730 males and 840 females who are HIV-
infected, a disease that is associated with an increased prevalence 
of low bone mass and fractures relative to the normal population 
[11,12]. The prime objective in this study was to determine whether 
the BMD cutoff T-scores of the total body for low bone mass could 
be changed to agree with the results of the femoral neck and lumbar 
spine T-score cutoff for low bone mass. 
Patients and Method
This cross-sectional study is a retrospective analysis of routinely 
obtained clinical and laboratory data collected during follow-up of 
HIV-treated patients at the Modena HIV Clinic. There were 1730 
males and 840 females who had total body, lumbar spine (L1-L4) 
and femoral neck DXA scans (Hologic 4500 QDR Elite, Hologic Inc., 
Bedford, MA) (Table 1).
Statistical Analysis
The relationships between T-scores of the three skeletal sites 
were assessed by the Spearman rank correlation coefficients. Cross 
tabulations provided kappa coefficients of agreement and percent 
concordance (percent correctly diagnosed) between two sites. In 
order to obtain a cutoff T-score for the total body measurements 
to best match the categories of the femoral neck or lumbar spine, 
ROC curve analysis was performed wherein the criterion variable 
was the total body T-score and the condition variable was either 
the femoral neck or lumbar spine binary categories, i.e., normal or 
low bone mass. The selected T-score cutoffs for cross tabulations 
were determined by the peak Youden index (maximum {sensitivity 
+ specificity}-1).
Results 
Median T-scores for the BMDs of the total body, lumbar spine 
and femoral neck were 0.1, -1.1 and -1.2, respectively, for males. 
These were significantly different from each other by the Dunn’s test. 
Significant differences were also obtained for the female total body, 
lumbar spine and femoral neck median T-scores of 0.2, -0.8 and -1.2, 
respectively. The prevalence of low bone mass, i.e., T-score <-1.0, for 
the femoral neck was 57% in males and 58% in females. Lumbar spine 
low bone mass prevalence was 56% in males and 47% in females, 
and considerably less in total body at 11% and 14% in males and 
females, respectively. Moderate BMD Spearman rank correlations 
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were obtained between total body and femoral neck, total body and 
lumbar spine, and lumbar spine and femoral neck of 0.632, 0.707 and 
0.570, respectively, for the male cohort, and 0.683, 0.752 and 0.654, 
respectively, for the female cohort (Table 2).
The results of the total body ROC curve analyses are given in 
Table 3 and those of cross tabulation in Table 4. The cross tabulation 
results show that there is an inverse relationship between the false 
negatives and false positives when applying the ROC analysis derived 
total body T-scores. For example, from Table 4, the total body-
femoral neck comparison in males show a decrease in false negatives 
from 801 to 225 and a corresponding increase in false positives from 
7 to 227. Figure 1 is a graphic depiction of the changes in the percent 
of the descriptive variables in the entire male cohort as a function of 
total body T-score cutoffs. 
The kappa coefficients of agreement increased significantly with 
the cutoffs derived from ROC curve analyses in both males and 
females for the total body-femoral neck and total body-lumbar spine 
pairs. Prior to the change in total body T-score cutoffs the kappa 
coefficients ranged from 0.164 to 0.284 in the different pairs, 
whereas they ranged from 0.464 to 0.563 afterward. In contrast, 
there was no significant improvement in the lumbar spine-
femoral neck pair in females and males (Table 4). An example 
of the variation in kappa values as a function total body T-score 
cutoffs is given in Figure 2. 
The effect of age on the kappa values was assessed by comparing 
patients above the median age to those who were below or equal to 
the median age. Median age for males was 48 years and 46 years for 
females. Cross tabulations were obtained with T-score cutoffs for 
Males* Females*
Duration of HIV infection (months) 205 (127,268) 233 (177,277)
Age (years) 48 (44,56) 46 (43,50)
CD4 count nadir (cells) 200 (84,300) 187 (75,272)
CD4 count 583 (426,764) 592 (435,771)
Undetectable HIV viral load (%) 78 80
Glucose (mmo/L) 5.2 (4.8,5.7) 5.0 (4.7,5.3)
Insulin (pmo/L) 59.7 (38.9,96.5) 58.3 (38.2,93.1)
HOMA 1.98 (1.24,3.39) 1.85 (1.19,3.03)
Total cholesterol (mmo/L) 4.9 (4.1,5.6) 5.1 (4.3,5.9)
LDL cholesterol (mmo/L) 3.0 (2.5,3.6) 2.9 (2.4,3.5)
HDL cholesterol (mmo/L) 1.1 (0.9,1.3) 1.4 (1.1,1.7)
Triglycerides (mmo/L) 1.6 (1.2,2.3) 1.3 (1.1,1.9)
Body fat (%) 19.2 (14.1,24.0) 26.2 (21.3,31.4)
Weight (kg) 71 (65,79) 58 (52,64)
BMI 23.8 (21.9,26.1) 22.0 (20.2,24.5)
Waist circumference (cm) 88 (82,94) 83 (77,89)
Trunk fat (kg) 7.2 (5.2,10.1) 7.4 (5.4,9.8)
Visceral adipose tissue (cm²) 124 (80,176) 96 (61,127)
Table 1: Descriptive characteristics of patients.
*Medians (interquartile range)
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T-score cutoff TPR TNR PPV NPV Kappa
Males Total bodyT-score Femoral neck
0.809
(0.748,0.928) ≤ -0.30 0.775 0.689 0.773 0.691 0.464
Males Total bodyT-score Lumbar spine
0.842
(0.823,0.859) ≤ -0.01 0.676 0.837 0.823 0.697 0.488
Females Total bodyT-score Femoral neck
0.852 
(0.795,0.851) ≤ -0.20 0.719 0.770 0.813 0.664 0.478
Females Total bodyT-score Lumbar spine
0.874
(0.874,0.895) ≤ -0.1 0.801 0.770 0.724 0.837 0.564
Table 3: ROC results.
AUC-Area Under the ROC Curve; TPR-True Positive Rate; TNR-True Negative Rate; PPV-Positive Predictive Value; NPV-Negative Predictive Value
*Binary category,wherein the low bone mass T-score <-1.0 ** T-score cutoff derived from the AUC curve at the point where the Youden index is maximum
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Condition*
variable





(% of cohort) Concordance (% of cohort) Kappa
Males 1730
Lumbar spine <-1.0 780 (45.1%) 6 (0.34%) 1282 (74.1%) 0.174
Lumbar spine ≤-0.1 334 (19.3%) 114 (6.6%) 1363 (78.7%) 0.488
Femoral neck <-1.0 801 (46.3%) 7 (0.40%) 922 (53.2%) 0.164
Femoral neck ≤-0.3 225 (13.0%) 227 (13.0%) 1278 (73.0%) 0.464
Females 840
Lumbar spine <-1.0 279 (33.2%) 5 (0.60%) 556 (66.2%) 0.289
Lumbar spine ≤-0.1 72 (8.6%) 110 (13.1%) 658 (78.3%) 0.563
Femoral neck <-1.0 374 (44.5%) 4 (0.40%) 462 (55.0%) 0.198
Femoral neck ≤-0.2 137 (16.3%) 81 (9.6%) 662 (74.0%) 0.478
Table 4: Cross tabulations. Comparison of changes with ROC total body derived T-score cutoffs and the standard T-score <-1 cutoff for low bone mass.
Total body T-score cutoffs
Total body (percent of total cohort)












Figure 1: Percent of male cohort (N=1730) as a function of changing total body T-score low bone mass cutoffs for the variables indicated. These were 
obtained by cross tabulations of the total body variables with those obtained with the standard femoral neck cutoff T-score <-1 for low bone mass.  
low bone mass at <-1.0 and compared to those of the ROC derived 
T-score cutoffs. There were no significant differences between the 
2-quantiles as a result of the T-score cutoff modification in both 
males and females; inferring that the kappa coefficient is independent 
of age. 
Discussion
The area under the curve of ROC analysis, a measure of the 
accuracy of diagnosing femoral neck low bone mass from the total 
body and lumbar spine T-scores, varied from 0.777 to 0.842 in males 
and 0.775 to 0.874 in females (Table 3). A characteristic of the results 
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Total body T-score cutoffs
Kappa coefficients







Figure 2: Males (N=1730).Cross tabulation kappa coefficients obtained as a function of changing total body T-score cutoffs with the standard femoral 
neck T-score cutoff <-1 for low bone mass in males (See Figure 1)
was a decrease in the number of false negatives with a persistent 
increase in false positives. A similar inverse relationship occurred 
with the true positives and true negatives (Figure 1). In spite of these 
good AUCs, the T-score cutoffs derived from the ROC curve at the 
point of maximum Youden index yielded inadequate increases in 
kappa coefficients of agreement in the paired cross tabulations (Table 
4). They varied from 0.429 to 0.563 for the entire cohort which is 
considered a moderate rating compared to 1 for perfect agreement. 
The moderately improved level of concordance for the cohort ranged 
from 73% to 78%. An exception was the lumbar spine-femoral neck 
pair wherein there was no clinically significant change in kappa 
coefficient and concordance.
There is a parallel relationship between the kappa coefficients 
and the concordance in that they both rise and fall as a function 
of T-score cutoff and peak at virtually the same cutoff that closely 
approximates the T-score cutoff derived from the ROC analysis. They 
reflect different measures of agreement. Concordance is the number 
of agreements, i.e., the sum of the true positives and the true negatives 
divided by the total cohort. The kappa coefficient is a measure of 
agreement beyond chance, and is probably a more stringent metric. 
The low kappa values obtained when the same T-score cutoff of <-1 
is used for the three scanning sites can be attributed to the differences 
in each site of the relative content of cortical and trabecular bone. 
The total body measurement includes 80% cortical bone and 20% 
trabecular bone [13]. Femoral neck is composed of 57% cortical bone 
and 43% trabecular bone, and the lumbar spine is 66% cortical and 
34% trabecular bone [14,15]. 
The shortfall in the kappa coefficient and concordance 
improvement with the total body T-score cutoff modifications negates 
the total body measurement as a possible surrogate for the femoral 
neck to predict the probability of fracture risk using the FRAX 
calculation tool [16]. These results agree in some measure with 
other reports on smaller populations of COPD and rheumatoid 
arthritis [1,3,17]. A limitation of this study was the absence of a 
control cohort. 
Conclusion 
It is advisable to obtain direct measurements of the lumbar spine 
and femoral neck to determine the bone mass status for fracture risk 
prediction and treatment management, and dismiss the total body 
BMD T-scores for those purposes.
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